One hundred patients were given total spinal anaesthesia for major intra-abdominal surgery. Operating conditions were excellent, superior to that provided by relaxant gen~ral anaesthesia and free from hiccough and other reflex phenomena. However, the teehnzq~te developed in this study provided anaesthesia ,ehich is too inflexible for widespread acceptance at present.
INTRODUCTION
Chloroform, ethylene, ethyl chloride and some other drugs have all been reappraised in the light of modern physiological, pharmacological and engineering knowledge, but none of them has regained popUlarity. Trichloroethylene, however, has regained a place in open circuit anaesthesia in Britain, and spinal anaesthesia is again increasing in popularity, particularly in North America.
Segmental spinal or epidural anaesthesia is sometimes unsatisfactory for intraperitoneal operations in the upper abdomen because of unblocked vagal and phrenic afferent impulses. Accidental total spinal anaesthesia occasionally occurs during epidural anaesthesia and the operating conditions resulting are extremely favourable because of the total loss of afferents from the surgical stimulus.
It was decided to investigate the use of total spinal anaesthesia as an alternative to general anaesthesia with muscle relaxants.
DEFINITION
Total spinal anaesthesia is anaesthesia of the entire body resulting from a subarachnoid injection of local anaesthetic.
If the local anaesthetic is injected in the lumbar region, it is possible to produce motor and sensory loss in the lower part of the body, and predominantly sensory loss in the upper part, including the areas supplied by cranial nerves. Koster 1928 , Dickson Wright 1931 .
Then with the introduction of cyclopropane in 1934 and trichloroethylene and the relaxants in the 1940's, interest in the method disappeared as first-class general anaesthesia for major surgery became easy to produce. Griffiths and Gillies (1948) used total spinal anaesthesia for the production of hypotension prior to the development of ganglion blocking drugs in 1949.
The early papers on total spinals have little scientific value, but make interesting reading. One of Payne's cases was conducted with the patient sitting in a chair. The term "blood pressure" is not mentioned in the whole of Jonnesco's paper, and Koster admitted that ~: "no longer records the blood pressure . Griffiths and Gillies had periods of unrecordable blood pressure for up to 30 minutes (using procaine). Transient nausea and vomiting was accepted by Jonnesco and Koster, and not attributed to cerebral ischaemia.
With the lack of knowledge of the physiology of high spinal anaesthesia, it is surprising that more catastrophes did not occur. Nevertheless, the writers were enthusiastic in their reports -"General spinal anaesthesia is obviously safe; it has never caused death, nor produced any important complications, early or late" (Jonnesco 1909) . "We believe not only in its universal applicability but also in its universal value" (Koster 1928) . Remembering that the alternative was general anaesthesia with ether or chloroform, however, the features of spinal anaesthesia in that period must have seemed most attractive.
The local anaesthetic used by the majority of these writers was procaine, the crystals of which readily dissolved in CSF and seemed to have the property of producing total spinal anaesthesia without paralysis, a state which we have found difficult to produce. However, its short duration of action would make it inappropriate for modern surgical practice.
MATERIALS AND METHODS
One hundred patients having a major abdominal operation were selected at random. The mean age was 64 years, with a range of 43 to 87 years. Mean body weight was 69 kg, with a range of 52 to 100 kg. There were 70 males and 30 females. 
Pre-Operative Complications
These are not discussed in detail, except to say that 47 patients had various pulmonary, cardiac and vascular diseases appropriate to this age group. For the purposes Df this study the only patients excluded from total spinal anaesthesia on the basis of any disease states were those with hypovolaemia. Two patients were epileptics.
A naesthetic Method
Patients were examined and assessed preoperatively and given appropriate premedication. Heavy premedication was not required because complete afferent block is provided by the anaesthetic itself.
All patients had an intravenous infusion (Hartmann's solution) in situ, and continuous ECG monitoring prior to induction.
Anaesthesia was induced with the patient in the left lateral position, using a sleep dose of thiopentone. The spinal injection was then performed, using a no-touch technique.
Spinal Technique
The method finally selected as being most satisfactory was as follows. A twenty-two gauge needle was inserted into the subarachnoid space between the second and third, or third and fourth lumbar vertebrae. Depending on the height of the patient, 30-40 ml of 1·0 per cent lignocaine (or mepivacaine) was slowly injected. The patient was turned on to his back, the table tilted 10-15° head down, and oxygen administered by mask from the anaesthetic machine. When the spinal became total, endotracheal intubation was carried out and oxygen administered by closed circuit apparatus. Apnoea was usual, and hence ventilation manually controlled.
Blood pressure was controlled by either intermittent injection or intravenous infusion of metaraminol. Asystolic pressure of 80-100 mm Hg or 50 per cent of the pre-induction level, whichever was the higher, was maintained.
The local anaesthetic solutions used contained no preservative.
OBSERVATIONS (1) The Onset of Total Spinal Anaesthesia
Early in the series difficulty was experienced in producing total anaesthesia-many were merely "high spinals ". Several manoeuvres were employed in an endeavour to increase the success rate. These included increasing the rate of injection, barbotage, decreasing the angle of the needle with the spine, steep headdown tilt (to about 45° for 2-3 minutes) and moving the site of injection cephalad. None of these increased the likelihood of the spinal becoming total.
The most satisfactory technique was as described above, using 30-40 ml 1·0 per cent solution. Table 2 shows the incidence of total spinal and demonstrates that both volume and concentration of solution are important in ensuring that local anaesthetic will reach the brain; volume ensures spread by mass movement, and concentration ensures spread by diffusion. was administered to a grossly obese woman for abdominal hysterectomy, as a " high" spinal, but spread higher and became total ! It is interesting to note that If) of the 17 " sub-total" spinals occurred in males, The mean time for the spinal to become total was 10 minutes, but varied widely from 30 seconds to 45 minutes, Surgery could begin as soon as the patient was returned to the supine position and prepared and draped. If the spinal had not become total by the time the abdomen was opened and intra-abdominal manipUlations about to begin, the patient was intubated, u8ing suxamethonium, for protection of the airway. This in fact was necessary in 25 patients. --The sequence of events was predictable and followed an anatomical pattern as the local anaesthetic spread cephalad. Surgery could begin immediately, and evidence of sympathetic block soon followed. The blood pressure began to fall, and in some cases fell very quickly, needing immediate correction (metaraminol was always prepared alongside the thiopentone). The pulse rate slowed to the order of 60 beats per minute; very slow rates were not seen as atropine was usually given as a premedicant. At the same time the pupils became constricted as sympathetic fibres to the head and neck were blocked; although small, the pupils still reacted at this stage.
The final stage involved spread to the cranial nerves and the production of sleep. Occasionally a supplemental dose of thiopentone was required until sleep was produced by the spinal. Unconsciousness occurred in all total spinals, and all patients were questioned on the following day; none had any recollection of being awake during surgery.
As the cranial nerves became affected, the vocal cords became paralysed and the trachea anaesthetic (allowing intubation without relaxants) and the pupils became dilated and non-reacting (in all but four patients),
A pnoea occurred when the local anaesthetic reached the cranial nerves, in all but five patients, It is interesting to note that apnoea and loss of consciousness did not seem to occur with those early workers who used procaine, but seemed almost invariable in this technique. This may be related to the greater volume and strength of solution used in an effort to produce reliable results, Although some apnoeas ma,-have resulted from cervical motor blocks, it i~ more likely to have resulted from a direct effect of local anaesthetic on the chemoreceptor on the ventral surface of the medulla, as the solution would be markedl,· diluted b,-(SF in this area, and so unable-to produce motor pareSIS,
(2) The Circulation
Blood pressure was maintained by metaraminol, usually between 80-100 mm Hg systolic. Significant hypotension did not occur in 11 patients, despite total sympathetic blockade, and in these patients metaraminol was not required,
The ECG was regular. Because of total lo,s of nervous traffic to the brain, the pulse rate was constant, independent of the surgical stimulus. On only two occasions was an arrhythmia of any type observed. One patient developed multiple premature ventricular beats during cholecystectomy, and another patient developed coupled beats after endotracheal intubation using suxamethonium. This latter arrhythmia disappeared when the patient's blood pressure fell from 220 mm Hg to 110 mm Hg.
(3) Electroencephalogram
During total spinal anaesthesia, all patients were clinically in a state of sleep from which they could not be roused by the usual means, and it was speculated whether the EEG would show a normal sleep pattern or a straight line. An EEG was carried out on one patient. This showed a normal sleep pattern during total spinal anaesthesia; that is, the sleep pattern induced by thiopentone in this patient was continued for the next hour under the influence of the spinal.
By coincidence, the patient had an abnormal resting record, showing left temporal sharp waves. During total spinal anaesthesia this activity was not so apparent. Consistent with this observation, two epileptic patients were safely anaesthetized by the method.
(4) Muscle Relaxation
As under conventional spinal anaesthesia, the abdominal relaxation was complete. In contrast to that provided by the muscle relaxants, where the drug's effect may be waning during peritoneal closure, relaxation was still optimum in the majority of patients for the completion of surgery. In addition, because of sympathetic blockade of the gut, and the absence of nitrous oxide in its lumen, conditions for abdominal closure were superior to that provided by general anaesthesia.
(5) Duration of Total Spinal Anaesthesia
Duration of anaesthesia depends on the local anaesthetic used. With 1·0 per cent lignocaine or mepivacaine, sleep and apnoea lasted fairly predictably for] t hours, although there was a range of 1-2 hours.
Mepivacaine did not last noticeably longer than lignocaine. Bupivacaine O· 25 per cent with 1/400,000 adrenaline has been used on two occasions and again lasted only 1 t hours.
Cinchocaine 0 ·08 per cent has also been used and this produced motor paralysis of tte legs for in excess of 4 hours.
Although the patient may have regained consciousness, surgery could continue for a further hour, as the anaesthetic wears off from above downwards. However, if visceral stimulation was still in progress, light general anaesthesia was given until peritoneal closure had commenced. The patient was then extubated and surgery completed under spinal analgesia.
Fourteen patients required from 15 minutes to 1 t hours of general anaesthesia for completion of surgery. In another 14 patients surgery had finished before respiration commenced, and these patients had to be ventilated in the recovery room with a Bird respirator for 15 to 45 minutes. The fact that the anaesthetist had no control over the duration of anaesthesia other than through selection of the local anaesthetic is obviously a major disadvantage of the method. It was a disadvantage in 28 patients in this series.
(6) Characteristics of Recovery
Recovery from anaesthesia was generally smooth and uneventful and compared favourably with general anaesthesia.
On arousal the patients were calm, sedated and analgesic, unless the spinal had worn off. Ventilation was adequate soon after respiration commenced. There were no cases of laryngeal spasm, however minor, after extubation; respiration continued in rhythmic pattern. Immediately after regaining consciousness, many patients were clinically deaf.
There was marked variation in the time taken for the pupils to return to normal size. Five patients vomited in the recovery room.
Three patients had numbness in the arms on recovery, one of whom also had motor weakness, but all these patients were ventilating normally. Two patients complained of a feeling of being unable to sigh, presumably due to residual intercostal muscle paralysis, although both were ventilating well.
The main problem in the recovery phase was prolonged motor paresis or paralysis in the legs. Movement returned in the legs after a period of two to four hours after the spinal injection; so that many patients could not move their legs for two hours post-operatively. The duration of motor block was similar for lignocaine, mepivacaine and bupivacaine (two cases only). Cinchocaine was used only once, and the patient was unable to move his legs for many hours (the time could not be accurately assessed as it occurred during the night, but was much longer than four hours).
(7) Complications
Patients were visited on the first post-operative day, and from then on approximately every second day for two weeks.
The general post-operative complications were not observed in detail as this was in no way a controlled study. There were three deaths in the first two weeks post-operatively, one from liver failure (secondary carcinoma), one from peritonitis and renal failure, and one from bronchopneumonia. The post-operative course did not appear to differ from that after general anaesthesia.
One patient suffered a deep venous thrombosis which was present the morning aiter surgery.
Neurological Complications. (a) Headache.
No special precautions were taken in the postoperative period other than the fact that all patients were adequately hydrated intravenously. They were all allowed to sit up in bed and were encouraged to cough in the normal way. There were nine characteristic spinal headaches. A 19-9auge needle was used on three occasions (because of fairly gross obesity) and two of these patients developed headaches. The remainder were injected with :!:!-gauge needles and seven of these developed headaches. Headaches came on in the first three days and lasted for a mean of four days; one lasted for two weeks. They were all relieved in the supine position, but this interfered with early ambulation. Six of the nine patients with headaches were female, and the mean age of these patients was 57, compared with 64 for all patients in the series.
(b) There was one severe neurological complication. In the first HO anaesthetics 14 did not become total and light general anaesthesia was required in addition. One of the measures tried in an endeavour to increase the success rate was to raise the level of injection to the L1 level; the solution would then have less distance to travel, and the needle is usuallv an[!led more acutely. Because of the level O'f the injection, the procedure adopted was to identify the epidural space first, in the usual manner (loss of resistance method) and then to advance the needle slowly with negative pressure applied to the syringe, to reach the subarachnoid space. During injection of the anaesthetic the syringe was disconnected after each ii-10 ml to ensure that free flow of CSF was occurring. Thirty patients were managed in this way. However, during injection of the thirtieth patient the last 10 ml was not injected because of loss of flow-back through the needle.
On recovery from anaesthesia, the patient complained of pain in the right leg and pins and needles in the right foot. These became localized over the next few days to pain in the back of the leg and paraesthesia on the plantar aspect of the foot, and were subsiding vvhen discharged from hospital after three weeks. However, 12 months later symptoms were still present, and in fact had not improved. The patient is currently under investigation and it is hoped to report the case in detail at a later date. It is likely that the lower end of the cord had been damaged by the needle.
DISCUSSION
The question arises as to whether total spinal anaesthesia has anything to offer over general anaesthesia, and hence whether it warrants further investigation.
There is no doubt that it has many useful features. There is a reduction in the number of drugs administered from about seven down to three (thiopentone, metaraminol and local anaesthetic) with the virtual elimination of relaxants, nitrous oxide, supplemental agents and reversal agents. Potential drug toxicity and interactions are therefore reduced, and the cost of drugs for two hours' anaesthesia is minimal.
If the blood pressure is allowed to fall, there is a reduction in blood loss, and 100 per cent oxygen can be given. Conditions for wound closure are superior to that during general anaesthesia.
There is a complete absence of hiccough, sweating and circulatory changes during abdominal manipulations, and also of laryngospasm on extubation. No difficulty was noted with bowel anastomoses or peritoneal soiling, perhaps due to vagal blockade.
The recovery period is usually smooth, with a sedated, well oxygenated, analgesic patient.
However, the disadvantages of the method are unfortunately rather striking. To produce total spinal anaesthesia reliably from an injection in the lumbar region, a 1·0 per cent solution appears to be necessary, and this produces a motor block of nerve roots in this area, paralysis of the legs resulting. This is undesirable, as pulmonary embolus is still one of the significant killers in healthy people after surgery. It is interesting to note that the same solution injected into the lumbar epidural space produces a relatively poor motor block.
The second major disadvantage is that the anaesthetic lasts for a fixed duration. If a long-acting local anaesthetic is chosen (e.g. cinchocaine), prolonged paralysis of the legs occurs; and if a short-acting one (e.g. lignocaine), surgery may outlast anaesthesia.
Finally, a 7 per cent incidence of postoperative headache (using a 22-gauge needle) is unacceptable. The anaesthetic must not compromise post-operative management-the patient must be able to sit up and undergo early ambulation if indicated. A 25-gauge needle would, therefore, be almost mandatory, particularly in younger patients.
Two interesting features were noted. Although many spinals became total within a minute or two, the onset of some were markedly delayed, the longest being 45 minutes. This is particularly noteworthy, because if a spinal injection should accidentally occur during an intended epidural injection it is possible that total spinal anaesthesia (with respiratory arrest) could occur when the patient has left the care of the anaesthetist. This raises the possibility that many, if not all, of the "total epidurals" described in the literature were in fact undiagnosed total spinals of delayed onset. The other interesting point is that occasionally, relatively small volumes can produce total anaesthesia, e.g., the obese woman who rapidly developed a total spinal with 10 ml of solution. This should be remembered when conventional spinals are given using isobaric solutions.
CONCLUSIONS
Total spinal anaesthesia can be reliably produced by the method described, and provides virtually ideal operating conditions for abdominal surgery. However, motor blockade of lumbar nerves seems to be unavoidable and can last unnecessarily long into the recovery period. There was a 7 per cent incidence of spinal headache using 22-gauge needles. The major disadvantage was that the anaesthetist had no control over the duration of anaesthesia.
It is felt that, using the method developed in this series, the disadvantages of total spinal anaesthesia are greater than the advantages, and hence it would have little place in the armamentarium of the anaesthetist in modern practice. Should the three problems described be overcome, however, the method would indeed have much to offer.
It may have a place where complicated equipment is unavailable, as it could be conducted with a few needles and syringes, and a self-inflating respiratory bag.
Total spinal anaesthesia, however, should be demonstrated to every anaesthetist who is being trained to use epidural analgesia.
